A recently recovered cumulative recorder provides a missing link in the evolution of the cumulative recorder from a modified kymograph to a reliably operating, scientifically and commercially successful instrument. The recorder, the only physical evidence of such an early precommercial cumulative recorder yet found, was sent to Keio University in Tokyo, Japan, in 1952 at the behest of B. F. Skinner at Harvard University. Last used in research in the late 1960s, the cumulative recorder remained locked in a storage room until 2007, when it was found again. A historical context for the recorder is followed by a description of the recorder and a comparison between it and the commercially successful Gerbrands Model C-1 recorder. Labeled the Keio recorder, it is a testament to Skinner's persistence in developing a reliable means of quantifying the behavior of living organisms in real time.
The earliest form of data analysis in B. F. Skinner's experimental analysis of behavior was the cumulative record, which graphically depicted individual responses in real time. Cumulative records were generated by devices called cumulative recorders. These recorders occupy a niche arguably second only to the operant chamber as the apparatus designed by B. F. Skinner that was most influential in shaping the field that has become behavior analysis (Lattal, 2004; Lindsley, 2010) . Early cumulative recorders were for the most part unique pieces designed by Skinner and constructed by him along with his colleagues and staff. Physical examples of these earliest recorders heretofore have not been forthcoming. One such recorder was Heron and Skinner's (1939) ''monster of an apparatus'' (Skinner, 1979, p. 222 ), a recording device that reduced the cumulative records of groups of rats responding concurrently in several different chambers down to a single record. This device reportedly remained in the Department of Psychology at the University of Minnesota until around 1965, when it was discarded to make room for a new laboratory (B. Overmeier, personal communication, July 24, 2004) . Here we describe a recently recovered recorder, which we identify as a missing link between Skinner's early experimental models and the succession of commercially successful cumulative recorders produced by the Ralph Gerbrands Company. Shown in Figures 1-3 , we believe it to be the earliest known existing physical example of a cumulative recorder. Although its actual date of construction is uncertain, it appears to be a direct predecessor of the recorders subsequently manufactured by the Gerbrands Company, the premier manufacturer of these devices, beginning in the early 1950s (see K. Dinsmoor, 1987) . 
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ORIGINS OF CUMULATIVE RECORDING
As a graduate student at Harvard University in the laboratory of physiologist W. J. Crozier in the early 1930s, B. F. Skinner conducted the early research that led to his development of the experimental analysis of operant behavior. Crozier followed the graphist tradition in experimental physiology (e.g., Hoff & Geddes, 1959) , which was concerned with displaying physiological data in graphical form. The kymograph, invented in the mid-1800s by German physiologist Karl Ludwig, was the instrument of choice for the graphical display of such data because it allowed real-time event recording and therefore involved minimal reduction or transformation of data in showing the effects of independent variables. Steeped in that graphist tradition of Crozier's laboratory, Skinner harnessed the kymograph to make his first recordings of the behavior of intact organisms (cf. Skinner, 1956) . It was not long before Skinner was reporting on ways to both accumulate responses in time (Skinner, 1930) and to reset the kymograph stylus (Skinner, 1933) to yield an extended graph of responding on a single strip of kymograph recording paper (Skinner, 1932; 1933;  for a photograph of one of Skinner's early records, see Catania, 2002, Figure 7) . Neither of these innovative modifications of the kymograph, however, was exclusive to Skinner. Although there is no evidence to suggest Skinner knew of earlier related uses of the kymograph, Dresslar (1892) reported its use to produce a cumulative frequency plot of taps on a telegraph key in real time by adult humans, and others graphically depicted movement cumulatively (e.g., Slonaker, 1907 ). Skinner's seminal innovation was to adapt the kymograph to produce real-time records of what would come to be known as free-operant responding or, more generally, operant behavior. Cumulative records became iconic in the experimental analysis of behavior and, indeed, until the early-to-mid-1950s, when reliable digital counters became common in behavioral psychology laboratories (e.g. Ferster, 1970) , these records were the primary data in Skinner's experimental analysis of behavior.
In his quest to perfect the cumulative recorder, Skinner constructed different versions of it in the years between graduate school and his return to Harvard as the Edgar Pierce Professor of Psychology in 1948. He mentions aspects of this evolution of the recorder in several places scattered across the last two volumes of his autobiography (Skinner, 1979 (Skinner, , 1983 , but a coherent picture of its evolution is difficult to glean from these incomplete vignettes. Lattal (2004) traced the evolution of the cumulative recorder from its first, kymographic, form to its demise in the 1990s, when it ultimately was replaced almost completely by digital computer technology.
The final stages of the evolution of the cumulative recorder into the instrument that was to become ''standard'' for the next half century occurred on Skinner's return to Harvard in 1948. Working with Ferster and Ralph Gerbrands, a laboratory instrument specialist in the Psychology Department at Harvard (W. Morse, personal communication, April, 1998; see also Lattal, 2004) , they eventually developed a reliable model that the Ralph Gerbrands Company subsequently marketed as its Model C series.
It was C. B. Ferster, Skinner's postdoctoral fellow (and later coauthor with Skinner of that most extensive and famous compilation of cumulative records, Schedules of Reinforcement [Ferster & Skinner, 1957] ) who dubbed the recordings ''cumulative records'' (see Morris & Smith, 2004) , and who also named the device from which they were obtained the ''cumulative recorder'' (Skinner routinely referred to it as a ''rate recorder'' or a ''summarizer'' in pre-Ferster days).
THE KEIO RECORDER
The story of the discovery of the recorder shown in Figures 1-3 begins in 1969, when the first author borrowed it from Professor Takashi Ogawa of Keio University (pronounced ''kay-o'' and hereafter identified simply as Keio) in Tokyo, Japan. After using it for research and also as the model for a recorder commercially manufactured in Japan (Asano & Lattal, 2008) , Asano returned the recorder to Keio. While searching for information about the Japanese recorder, he and Professors Watanabe and Sakagami of Keio recently rediscovered it there, safely nestled away in a storage closet in a laboratory.
Professor Ogawa was hired in 1950 by the late Professor M. Yokoyama, a Clark University Ph.D. (1921) who studied under E. G. Boring, to develop an animal laboratory at Keio. Prior to that appointment, he was a lecturer at the University of Tokyo (also called Todai) where Professor Ben Yagi was trying to develop his own version of the Skinner box with a pellet dispenser for the rat. Okamoto (1952) conducted an early experiment with this apparatus and reported details of what became called in Japan the ''Todai-type Skinner box.'' Soon thereafter it was manufactured for commercial sale by Takeikikikogyo, Inc.
Okamoto's was the first article from a Japanese laboratory reporting the use of operant methods, including operant equipment in a Japanese psychology laboratory. The article described a ''Skinner box for rat barpressing'' reinforced by food pellets and also a multi-pen event recorder for recording responses and reinforcement. Significantly, the article does not include a description of a cumulative recorder, suggesting that such a device was not available at the time the research was conducted, probably in 1951. Skinner (1983) reports in his autobiography that ''(a)s early as 1952 [Ralph Gerbrands] shipped a lever, a food magazine, and a 'kymograph for obtaining cumulative response records' to a Japanese psychologist, paid for by the Japanese government'' (p. 38). Thus, if Skinner's recollection of the date of the shipment is correct, Okamoto's article predates the shipment he describes.
The year 1952 corresponds to the inauguration of the animal laboratory at Keio. Professor Yokoyama presented at the International Congress of Psychology meetings in 1951 in Stockholm, a conference that Skinner also attended (Skinner, 1951) . We speculate that Yokoyama made contact with Skinner at that time and subsequently arranged for the apparatus to be shipped to Japan. In those days, it is important to remember, travel abroad and spending US dollars was severely restricted by the Occupational Government of Japan, but Yokoyama's position as Chair of the Psychology Department and his contributions to the Society of Japanese Psychology could have afforded him the opportunity to do so (see his obituary in Japanese Psychological Research, 1966, 8, 151-152) .
The first author once was told by Ogawa that two sets of operant apparatus were sent to Japan: a set of operant equipment for the rat was sent to the University of Tokyo and a set for the pigeon to Keio University. This same recollection of Ogawa's report was made by aforementioned Professors Watanabe and Sakagami of Keio. It was not clear whether these sets were in the same or different shipments. The shipment mentioned by Skinner could be the one sent to the University of Tokyo because the shipment was said to have included a rat lever. According to Takenaka (1955) , however, what was called ''the Skinner box from Harvard'' (p. 23) was housed in an ice chest divided into two compartments, one containing a lever and the other a liquid dispenser and supporting electrical circuitry. Responses and reinforcers were recorded using a cumulative recorder that was shipped with the box. Takenaka presented a paper at the 5 th annual convention of the Japanese Society of Animal Psychology in 1953. Therefore, the experiment likely was conducted in 1952 or early 1953. That time fits Skinner's recollections, but the shipping contents do not. Skinner said that the box shipped contained a food magazine, but the University of Tokyo received a box with a liquid dipper. In either case, however, a cumulative recorder from Harvard was present in the early 1950s at the University of Tokyo. The history and fate of that recorder has not yet been established.
The shipment to Keio was received by Ogawa, who indicated to Asano at the time that he (Asano) borrowed the recorder that had been sent from Harvard University in the early 1950s. Professor Toshirou Yoshida was a research assistant to Ogawa at the time the shipment arrived. It was Yoshida who first set up the apparatus at Keio (personal communication, July 31, 2008). Because of its safe haven at Keio from that time until its recent recovery, we deem it fitting to identify the device as the Keio recorder.
DETAILS OF THE KEIO RECORDER

Appearance
As can be seen in Figures 1 (front view), 2 (back and side views), and 3 (top view), the Keio recorder is housed in a wooden box or chassis. It is 33 cm wide x 18 cm deep x 24 cm high and weighs 7.3 kg (excluding the control box from both measures). The control box is 20 cm long x 15 cm deep x 18 cm high.
The question has arisen as to whether the black control box on the viewer's right in Figure 1 is original. When shown photographs of the Keio recorder, W. H. Morse (personal communication, September 6, 2007) indicated that equipment in the Harvard laboratory at that time was not labeled with the functions of the electrical connectors. In the case of the Keio recorder, however, it seems plausible that the functions were labeled for the benefit of the Japanese scientists who may not have been familiar with its operation. According to Yoshida, the control box and hand-printed labels for the switches are original (personal communication, July 31, 2008). Further physical evidence that the box is original is the fact that the rear of the panel contains a 12-socket Jones-type plug, a product not available in Japan at that time. Furthermore, one of the 28 v DC relays in the box is a Clare relay, labeled as manufactured in Ohio. A related version of the Keio recorder described by Sullins in Lattal (2004; see below) contained no such control box. It is possible that the control box was added for the benefit of the Japanese scientists. The recorder described by Sullins was known to have been modified, however, and the control box could have been removed during one of those modifications.
Two rows of electrical connectors and a digital counter are located on the back of the recorder, as shown in the top panel of Figure  2 . The counter has no manufacturer's mark visible on any of its exterior surfaces. It is wired to the contacts of the rotary switch that turns with each response recorded and thereby steps the response pen along the cumulative record (see response-pen step section below). The wiring on these connectors appears to be old, but whether the connectors are original cannot be determined. This electrical circuit could be convenient for arranging a small-value fixedratio schedule in a laboratory that had no other programming equipment. Whether this was an original or modified feature of the Keio recorder also cannot be determined; however, the counter appears to be contemporary with counters in use at the time the recorder was constructed.
Operation
The solenoids and the motor are driven by AC circuit completion. The use of AC circuitry was standard practice in many early operant laboratories (see, e.g., J. Dinsmoor, 1990) , so the use of AC circuitry in this early model is not inconsistent with practices of the time.
That said, however, the electrical circuits in the control box might well have been changed and replaced with Japanese parts. The present AC transformer in the control box and several other parts were certainly made in Japan. The only DC circuit in the control box is one that controls the timing delay for the reset solenoid (see response-pen reset section below), but the solenoid is AC, driven via the contacts of the DC relay described above as being manufactured in the United States. Figure 4 is a schematic drawing of the electromechanical operation of the Keio recorder. As with both earlier and later models of the cumulative recorder, its three primary functions are moving the recording paper at a constant rate, moving a pen across the recording paper with each response to create the cumulative record, and resetting the response pen when it reaches the top of the recording paper. A fourth function is to mark important events, such as reinforcers.
Paper drive. As with most of the recorders that followed the Keio model, a roll of 16.5 cm wide paper is housed in the wooden chassis and fed across the platen. The paper is held to the platen by the friction exerted by a rubber cylinder 2.2 cm wide, affixed on a metal rod that rests on the face of the platen (see Figure  3 ). The paper is held taut on the platen by a spring attached to this metal rod.
The motor used to rotate the platen (see lower right photograph in Figure 2 ; Figure 5 ) is a 117-volt Gleason-Avery model 5M30CS, manufactured in Auburn, NY. The motor appears to be original. It is connected to the platen through a gear box. The platen itself (seen most clearly in Figure 3 ) is a wooden cylinder covered with a brass plate.
Response-pen step. The response pen assembly (seen most clearly in Figure 3 ) is moved along a metal rod guide such that it moves one unit as each response operates a solenoid. The solenoid in turn drives a ratchet that is connected through a gear box (shown in Figure 6 ) housed inside the chassis to a pulley located on the top of the chassis. The response-pen assembly is permanently attached to a continuous-loop taut string. The string is made taut by tying either end of it to a small piece of metal (see Figures 3 and 4) . The taut string is wound around the outside of two pulleys. One of the pulleys is mounted on the axle rotated for the response step (see Thus, each operation of the solenoid allows the pen assembly connected to the taut string loop to be pulled along the cumulative record until it reaches the top of the record.
Response-pen assembly reset. To obtain a continuous cumulative record of responding, the response pen must be returned to the bottom of the platen when the pen nears the top. This reset function must occur quickly to minimize gaps in the response-recording function. Resetting the response pen assembly was a major design problem in many early versions of the cumulative recorder (see section below on Relation to Other Early Cumulative Recorders).
The resetting of the response-pen assembly of the Keio recorder was a gravity-type device that employed a lead weight (see Figure 2 , lower right photograph) attached to the response pen assembly by a string (see Figure  7) . The lead weight is housed inside a metal cover on the outer right side of the recorder housing box. It is shown in the lower right photograph in Figure 2 , where the cover was removed to allow the weight to be seen. A limit switch inside the chassis near the top (the viewer's left side in Figure 4 ) of the recorder is activated when the response pen assembly contacts it. This in turn operates a DC timedelay relay in the control box, which has a selfhold circuit of about 1.3 s, using a capacitor and a resistor (this DC time-delay relay on the Keio recorder appears to be original in that the manufacturer is Clare & Co. of Chicago, IL). Activation of the relay simultaneously operates the reset solenoid for 1.3 s. As shown in Figures 4 and 7 , the long arm of the reset solenoid is attached to the swing axle through a leverage mechanism. Operation of the reset solenoid generates sufficient force to pull the swing axle to the viewer's left in Figure 4 or toward the viewer in Figure 7 , thereby moving the swing pulley sufficiently to release tension on the taut string. Such release then allows the lead weight to drop, pulling the response pen assembly along the metal slide until the assembly is stopped by the stop ring located on the metal rod guide (see Figure 5 ). (One problem with such a reset mechanism is that any responses made during the 1.3 s that the reset solenoid is activated are not recorded).
Response-pen displacement. The pen assembly (see Figures 3 and 4) is an electromagnetic relay with the armature modified to hold a pen. When the relay is activated, the armature is drawn to the magnet, causing the pen to displace and thereby make a mark (a ''pip') that is oblique to the response line. The pen holder was missing when the Keio recorder was borrowed in 1969. A fuse clip (a small ushaped metal device used to hold electric fuses, commonly used later in operant conditioning laboratories to attach programming modules to the power bars of relay racks) was attached to the Keio recorder and an inexpensive disposable felt-tip pen, made in Japan, was used instead of the far more expensive glass reservoir pen. The wiring of the response pen assembly appears to be the only original wiring inside the chassis itself (see comments in the section on Appearance, above, about the electrical connectors on the back of the wooden housing box). Figure 8 shows a cumulative record produced using the recorder. As with records generated by subsequent Gerbrands recorders, the record is shown with time moving left to right. The response pen resets at approximately 125 responses and the pips of the response pen are oblique to the response-step movement of the pen. The speed of the recorder is about 7 cm per min. This may or not be its original speed, because some reconstruction of the gear box was necessary in making the recorder operational to construct the cumulative record. 
A Keio Recorder Cumulative Record
COMPARISON OF THE KEIO RECORDER AND THE RALPH GERBRANDS COMPANY MODEL C-1
The Ralph Gerbrands Company Model C-1 is the culmination of Skinner's quest to perfect the cumulative recorder as a scientific instrument. The Model C-1 was not perfect, because its mechanism for resetting the response pen did not operate reliably and still ''lost'' responses occurring during the relatively long reset cycle, but its other functions were well designed and remained basically unchanged through several later models. Indeed, there is general agreement among behavior analysts active in laboratories of the period that the later Gerbrands recorders, particularly the Model C-3, were the ''Cadillacs'' of cumulative recorders. Given the scientific and commercial success of the C-1, and the fact that the Keio is the only known existing example of a recorder along the evolutionary path to the C-1, a comparison of these two recorders is in order.
Appearance
A Model C-1 recorder is shown in Figure  9 . The Keio and C-1 are similar in general appearance and function, but they also differ in that the C-1 is housed in an aluminum chassis, as compared to the wooden chassis of the Keio recorder. Instead of being accessed through a control panel, the C-1 functions are accessed through an eightconnector male Jones plug located on the back of the chassis. In this way, the Jones plug can be wired to a cable and connected to a panel, allowing remote operation of the recorder functions. With the exception of the paper-drive motor, all of the electrical operations of the C-1 require 28 v DC.
The C-1 has all of the functions of the Keio recorder, but in addition the C-1 has a second pen, located to mark the bottom of the paper, which operates in only an on-off fashion, to allow recording of such events as the location of stimulus onset and offset events in real time.
Operation
Paper drive. A roll of 16.5 cm wide paper, housed in the aluminum chassis, is fed across an aluminum platen in an identical way to that of the Keio recorder. As with the Keio, the paper is held to the platen by a rubber cylinder affixed on a metal rod that rests on the face of the platen and held taught by springs attached to this metal rod on either side of the recorder. The motor used to operate the C-1 is a 110-volt Telechron Model 1865. Unlike the gear-box connection to the platen on the Keio, the C-1 is simply connected to the platen by two gears, one on the motor shaft and the other attached directly to the platen.
Response-pen assembly step. The response pen assembly on the C-1 is traversed across the paper by a stepping solenoid (heavy-duty relay) that drives a ratchet that is in turn connected to a pulley atop the aluminum chassis. Figure 10 shows that a mail-type chain is attached to the pulley such that it moves when the solenoid, and thus the pulley, is operated. The chain on which the response pen moves on the C-1 has a series of vertical metal bars (the one shown in Figure 10 is labeled ''assembly engager'') attached at regular intervals perpendicular to the chain such that they protrude about 4 mm above it. The metal bars are set such that they catch the edge of the response pen assembly and thus push the pen assembly along the metal pen assembly guide rod with each operation of the solenoid. The response pen assembly is not permanently connected to the metal bars that protrude from the mail chain, for reasons that will be described under ''reset'' below. As a result of these operations, the response pen is moved along the cumulative record attached to the chain such that it moves one unit as each response operates the stepping solenoid. The C-1 stepping solenoid is a heavy-duty relay (most likely an Automatic Electric model, although its manufacturer is not visible on the example viewed by the authors; see Lattal, 2004, p. 339) to drive a worm gear that in turn operates a gear that causes rotation of a pulley attached to the response pen assembly via a mail chain. In the Keio recorder, the rotation occurs directly via the ratchet mechanism and then is slowed down by the gears in the black circular box above the ratchet (see Figure 6 , right photograph). The latter gears are operated by a stepping solenoid that is of Japanese origin and therefore not original.
Response-pen reset. Attached to the bottom of the event pen assembly of the Keio recorder is a string that is in turn attached to a lead weight, as described previously. The reset mechanism of the C-1 involves physically disconnecting the response pen assembly from the mail chain when the assembly reaches its apogee. This allows the force of gravity on the lead weight to pull the pen assembly back across the pen assembly guide to the assembly stop at the base of the paper, on the viewer's right side of the recorder.
The C-1 mechanism for detaching the response-pen assembly from the mail chain is shown in Figure 10 . As the response-pen assembly approaches the metal channeling rod, the chain is forced toward the rear of the recorder, freeing the response pen assembly from the push bar. When the assembly is free of the chain, gravity acts on the assembly as described in the preceding paragraph. The lead weight/gravitybased reset aspect of the C-1 is identical to the Keio recorder. The mail chain and pen assembly release mechanisms are, of course, different from the Keio recorder, which involved a taut-string release.
Response-pen displacement. Similar to the Keio, in the C-1 the pen assembly was an electromagnetic relay with the armature modified to hold a pen. Its operation is identical to that described for the Keio recorder above. The C-1 was equipped with a Leeds and Northrop glass reservoir pen set in a fuse clip attached to the armature.
A Summing Up
The similarities between the Keio and the Gerbrands Model C-1 include similar paper drive, response-pen stepping, and leadweight reset mechanisms. The lead-weight reset mechanism is especially telling, because using a lead weight to pull the response pen back to the start position was a feature of Skinner's earliest reset mechanism for the kymograph (Skinner, 1933) , as well as for the C-1. The two recorders differ primarily in terms of the electromechanical features of releasing the pen assembly during its reset upon reaching its apogee. All of these design and functional similarities in combination with the historical documentation of the lineage of the Keio recorder lead to the conclusion that it is indeed a product of the Harvard group that consisted of Skinner, Ferster, and Gerbrands. Its relatively primitive housing and reset mechanism suggests that it predates the Gerbrands Model C-1. Skinner (1979) commented as follows on the problems of an early version of the cumulative recorder during its development at Harvard:
The taut-string recorders were not working well. The ratchets jammed, the paper crept sideways, pens skipped when moving fast and left blobs of ink when standing still, and we lost many valuable records. Charlie [Ferster] and I designed a new model but ran into another problem. The stepping switch which moved the pen was rated for only a few hundred thousand operations and pigeons responding at high rates for as much as ten hours a day soon wore it out. We eventually found a switch that would operate many millions of times and, meanwhile ... Ralph Gerbrands was working on a better model with a Telechron motor and a pen that reset when it reached the top of the paper. (p. 38) The switch that Skinner alludes to also was mentioned by Ferster (1970) in his reminiscence of the Pigeon Lab at Harvard:
The first model used a Ledex rotary switch to drive the pen on the performance scale. . . .Experiments which recorded two or three thousand pecks at the start of our research soon required 100,000 or more pecks to be recorded during a single experimental session. For a long while, I spent much of my time replacing and repairing rotary solenoids which lasted only a few hundred thousand operations. The discovery of the Automatic Electric stepping switch mechanism, which stood up to the billions of pecks which were recorded on each instrument, freed much time and energy for other purposes.
Whether the Keio recorder is the tautstring recorder alluded to by Skinner cannot be established unequivocally. As noted above, the Keio recorder contains a stepping solenoid (the stepping switch mechanism), but it was most certainly replaced with a Japanese product-the manufacturer's label reads ''MARUHA'' (see the right photograph of Figure 6 ). Such a replacement is consistent with Skinner's and Ferster's comments about the problems with the Ledex relays on the taut string recorders. As noted in several places above, other mechanical parts of the Keio recorder appear to be original, in part because the psychology laboratory at Keio University at that time had no capability to replace them.
Skinner's allusion to Gerbrands' work on a cumulative recorder that ''reset when it reached the top of the paper'' is consistent with the reset function of the Keio, but the Keio does not have a Telechron motor.
RELATION TO OTHER EARLY CUMULATIVE RECORDERS
Excluding for the moment consideration of the metal box on the right side of the recorder, the recorder's most striking feature is that it is housed in a wooden box chassis, as opposed to the aluminum chassis that became a hallmark of the entire series of cumulative recorders manufactured by the Ralph Gerbrands Company. Cumulative recorders housed in ''wooden boxes'' have been noted by several scientists associated with the experimental analysis of behavior in the 1950s and 1960s. Lewis Gollub (personal communication, July 26, 2004), recalling his time at Harvard University in the early 1950s (1952) (1953) (1954) (1955) (1956) , described a recorder that ''was built inside a lovely wooden box with a glass top.'' Michael Harrison (personal communication, Nov. 11. 1998 ) recalled using a recorder ''made of wood-varnished-with brass platen.'' Records produced from a recorder of this type can be found in Harrison and Abelson (1959) . A cumulative recorder similar to the one shown in Figure  1 had come to the University of Alabama, reportedly from Harvard via Thomas F. Gilbert (cf. Siegel, 1992) . This recorder was described by W. S. Sullins, who was a faculty member at Alabama in the mid 1960s, as follows: ''The recorder was about the same size as the later ones developed by Ralph Gerbrands and was housed in a wooden box. It had a platen made of brass, the response pen was moved up the paper along a string, and 'the other end of the string hung overboard over a little pulley and had a weight attached to provide the reset action' (W. Sullins, personal communication, May 18, 2003)'' (Lattal, 2004, p. 340) .
The Keio recorder does not fit Gollub's description of the wooden box recorder he used at Harvard. Both the Keio recorder and the wooden box recorder described by Gollub contained a reset mechanism based on a reciprocating arm. When asked whether photographs of the Keio recorder resembled the wooden box recorder that he described for Lattal (2004 ), however, Gollub (Personal communication, September 14, 2007 replied: I don't think the recorder you showed was the one I mentioned earlier. It's a bit hard to tell from the first picture, but the ones in Ferster & Skinner's lab were fairly square in shape (top view) whereas this one looked more rectangular, similar to a Gerbrands ''C'' except with a wooden shell. The drum was (fainter memory here) rubber. Reinforcement marks were horizontal-i.e., in the same direction as paper travel. ...
The reset device was unique. My recollection is somewhat less distinct on how it worked, but I recall a reciprocating motor that dragged the pen carriage to baseline. (I remember being frustrated when I had to use these recorders because the reset cycle was 5 or so seconds, and I hated to lose that much detail!) Gollub's recollections indicate that the reciprocating motor reset mechanism was not satisfactory, thereby suggesting that the reciprocating motor was superseded by an improved reset mechanism. One could speculate, and it would be pure speculation, that the reset mechanism of the Keio was the intermediate step between the reciprocating motor and the chain-release reset mechanism of the C-1. This suggests that there were at least two versions of a cumulative recorder housed in a wooden box.
On inspecting the photographs of the Keio recorder, Sullins (personal communication, Sept 7, 2007) also noted differences between the Keio recorder and the wooden box cumulative recorder in the operant conditioning laboratory at the University of Alabama in Tuscaloosa at that time:
There are overall structural similarities [between the Keio and the Tuscaloosa recorders], but [the Keio recorder] looks to be one or two revisions, maybe 5 years, earlier than the Tuscaloosa model. More pictures would help to pinpoint the differences. It also looks like this one [the Keio] may have had some ''post-production'' modifications. I really don't think Ralph Gerbrands would ever have released one with that top protruding wheel tensioning rig.
And:
I think I recall that the Tuscaloosa model used a neat little bit of fine coiled spring at the end of the string, to keep the string tensioned against the pulley wheel rather than a spring to keep the pulley tensioned against the string.
Thus, Sullins' observations confirm a line between the Keio and Tuscaloosa models, and the Tuscaloosa version also is known to have come from Harvard. The fact that the Tuscaloosa recorder seems to have had yet a different reset mechanism suggests further ''tinkering'' to improve the response-pen assembly reset function of the cumulative recorder. (It also is worth noting here that the gravity-based reset mechanism of the C-1 also proved unreliable and was replaced in the next model, the C-2, with a clutch and spring driven reset mechanism that remained thereafter unchanged until production of the Gerbrands cumulative recorder line ceased in 1994- Lattal, 2004) .
A set of operating instructions from the Gerbrands Company for a later cumulative recorder, the Model C-2, alludes to four models that preceded it: A, B, C, and C-1. Morse (in Lattal, 2004) described what may have been the Models A and B, and these descriptions do not match the present recorder (see Lattal, 2004, pp. 339-340) , although the recorder Morse tentatively identified as Model A has some design features in common with the Keio recorder.
CONCLUSION
Regardless of its exact temporal placement, the Keio recorder occupies a unique niche in the history of both psychology and the experimental analysis of behavior. It is the only physical evidence of what was heretofore a missing link between earlier, more primitive recording devices evolved from the kymograph and the commercially successful Gerbrands models. It furthermore stands as evidence of Skinner's persistence in perfecting the recording of behavior in real time as a means of achieving control of that behavior as a function of the controlling environment.
